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Abstract 
Objective: To assess the antibacterial and smear layer removal ability of Trigonella foenum, Syzygium cumini, 
Terminalia chebula seed extracts against E. faecalis dentinal biofilm. Material and Methods: Agar well 
diffusion, micro broth dilution assay and time-kill curve assay were performed to determine the antibacterial 
activity. The ability of the herbal extracts to remove the smear layer on the root canal surface was assessed 
by scanning electron microscopy. Results: Antibacterial activity was observed for the extracts of S. cumini 
and T. chebula on E. faecalis dentinal biofilm and its planktonic counterparts. The smear layer was efficiently 
removed by the seed extracts of T. chebula alone. Seed extracts of T. foenum neither possessed antibacterial 
effect nor smear layer removal ability. Conclusion: The extracts of T. chebula seeds may replace 
conventional irrigant due to its antibacterial properties and smear layer removing the ability. The extracts 
of S. cumini may be used as an intracanal medicament as it exhibited a bactericidal effect against the E. 
faecalis dentinal biofilm following 18 hours of incubation. 
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Introduction 
Enterococcus faecalis, gram-positive facultative anaerobic cocci, is rarely seen in primary infection 
but very commonly present in secondary infection and causes endodontic failure. Its prevalence ranges 
from 24% to 77% in root canal failed teeth [1]. The biofilm formation of E. faecalis can impede its 
elimination when using conventional irrigating solutions [2]. They also invade the dentinal tubules and 
are more resistant to intracanal medicaments during endodontic treatment [3]. Enterococci possess a 
number of virulence factors that permit adherence to host cells and extracellular matrix, facilitate tissue 
invasion, effect immunomodulation, cause toxin-mediated damage and withstands harsh environment [4]. 
The success of root canal therapy depends on the quality of the instrumentation, irrigation, 
disinfection and three-dimensional obturation of root canals [5]. Thirty-five percent of the canal system is left 
untouched by endodontic instruments [6]. The removal of vital and necrotic pulp tissue, microorganisms and 
their toxins, along with the smear layer, is achieved by cleaning and shaping [7]. Instrumentation with 
adequate irrigation is necessary to complete the cleaning process and reduce the microbial load within the root 
canal system. The most commonly used irrigants, which possess antimicrobial properties, include sodium 
hypochlorite (NaOCl) and chlorhexidine [8]. 
NaOCl is used in the treatment of root canals with pulp necrosis because of its tissue dissolution 
and antimicrobial properties. 5.25% NaOCl has been reported to be significantly effective against E. 
faecalis biofilm [9]. When NaOCl (5.25%) is used against E. faecalis, the bacterial burden was reduced 
rapidly, but most of the teeth were colonized again by 48 hours post-irrigation [10].  In addition, NaOCl 
has cytotoxic effects that can cause irritation and necrosis of periapical tissues [11,12]. 
Chlorhexidine (2%) destroys E. faecalis planktonic cells, but several authors have reported the 
failure of 2% chlorhexidine to disrupt E. faecalis in biofilm form [5]. Chlorhexidine also results in rare 
side effects, such as desquamative gingivitis, discoloration of the teeth or dysgeusia (distorted taste) [13]. 
The most desirable endodontic irrigant should possess antimicrobial effect with minimal toxicity [14]. 
Trigonella foenum, commonly known as fenugreek belonging to the family Leguminosae, is a 
widely grown plant in India, Egypt, and Middle East countries [15]. Fenugreek seeds are useful for 
tuberculosis, diabetes, atherosclerosis, constipation, high cholesterol, hypertriglyceridemia and externally 
it is used as a poultice for abscesses, boils, carbuncles, etc. [16]. The seeds of the fenugreek herb possess 
toxic oils, and other bioactive constituents of the fenugreek seed include volatile oils and alkaloids, have 
been shown to be toxic to bacteria, parasites and fungi [17]. 
Syzygium cumini, popularly called as ‘jamun’ is an evergreen plant originally from Indonesia and 
India, belongs to the Myrtaceae family. It has antibacterial activity against Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus and Bacillus subtilis [18]. The bark has anti-inflammatory activity and 
used in India for anemia, antibiotic activity, asthma, bronchitis. Juice of this plant is used for gingivitis 
and also against diarrhea and fever [19]. 
The plants of genus Terminalia, comprising of 250 species, are widely distributed in tropical 
areas of the world [20]. Fruits of Terminalia chebula Retzius (T. chebula Retz.) (Combretaceae), commonly 
known as black Myroblans in English and Harad in Hindi, indigenous in Pakistan and India among many 
Asian and African countries. It is popular folk medicine, which can be used against dental caries as it 
possesses antimicrobial action towards Streptococcus mutans and Staphylococcus aureus [21]. 
Drawbacks of conventional irrigants, side effects of synthetic drugs and increased antibiotic 
resistance have encouraged the researchers to look for herbal alternatives. The present study was chosen 
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to assess the antibacterial activity and smear layer removal of S. cumini, T. chebula and T. foenum seed 
extracts against E. faecalis dentinal biofilm. 
 
Material and Methods 
Bacteria and Herbal Extracts 
Antibacterial assay was carried out against E. faecalis culture isolated from retreated root canal. E. 
faecalis was isolated from clinical samples of root canal retreatment. Species identification of E. faecalis was 
carried out using standard microbiological methods [22]. E. faecalis ATCC 29212 was used as control. 
Methanolic extracts of T. foenum, S. cumini and T. chebula seed powders were obtained by continuous 
hot percolation method using soxhlet apparatus. The extracts were concentrated and dried under reduced 
pressure. The stock solutions of the methanol free extracts were prepared in 10% dimethyl sulfoxide (DMSO) 
(S D Fine-Chem Limited, Mumbai, India). Agar well diffusion assay was performed to assess the efficacy of the 
herbal extracts. Ten microliters of 2% chlorhexidine (Asep-RC) and 5% NaOCl (Prime Dental Products Pvt 
Ltd, Bhiwandi, India) were placed on sterile discs (HiMedia Laboratories Pvt Ltd, Mumbai, India) for the 
assay. DMSO (10%) was also assayed to check if they showed any significant zone of inhibition. Vancomycin 
(30 μg) (HiMedia Laboratories Pvt Ltd, Mumbai, India) was used to compare the antibacterial efficacy of the 
herbal extracts. The assay was done in triplicate. As the herbal extracts demonstrated promising results on 
planktonic counterparts of E. faecalis, the assay was further extended to three weeks in vitro biofilm formed on 
tooth dentin surface. Broth microdilution assay was performed to determine the minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) of the different herbal extracts. 
 
Biofilm Formation on the Root Canal 
The study was approved by the Institutional ethics committee, Sree Balaji Dental College and 
Hospital. Extracted single-rooted human mandibular premolars with fully formed apices were used. The tooth 
samples for biofilm formation were prepared and sterilized as per previous protocol [23]. E. faecalis culture 
was prepared in Mueller-Hinton Broth (MHB) and the turbidity was adjusted to 0.5 McFarland standards to 
obtain a cell density of 1.5×108 cells/mL. Tooth samples were divided into five groups, and each group 
comprised of five tooth samples. The broth culture was dispensed into the tissue culture plates (Zellkuthur, 
test plate 24 Europe / Switzerland) containing gamma sterilized tooth samples at a volume of 2 mL/well. 
The culture plates were incubated at 37°C for six weeks. To avoid nutrition depletion and accumulation of 
toxic end products, every alternate day, the media was replaced with sterile MHB. At the end of sixth week, 
Gram stain was done to check the purity of the culture. 
 
Time Kill Assay on Six Week Biofilm 
As the antibacterial activity was not shown by T. foenum, at the end of the sixth week, time-kill 
assay was performed for S. cumini and T. chebula seed extracts. The tooth samples were exposed to the 
methanolic extracts of S. cumini and T. chebula by immersing the samples to the respective test solutions. 
The concentration of the test solutions used for 6-week biofilm was six times the MIC valve. The colony-
forming units (CFU) were determined after exposure to the test solutions at every 15 minutes time 
interval (0 mins, 15 mins, 30 mins, 45 mins and 60 mins). The biofilm formed on the dentinal canal was 
removed using a sterile blade and transferred into Eppendorf microcentrifuge tubes containing 1 mL of 
sterile MHB [23]. The tubes were vortexed for 30 seconds. The spread plate method of inoculation was 
performed on the Mueller Hinton Agar plates with ten microlitres of the broth. The plates were incubated 
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at 37oC for 24 hours. Following incubation, the colonies were counted with the help of a digital colony 
counter. The time-kill curve was plotted to assay time versus CFU/mL. 
 
Scanning Electron Microscopy (SEM) Analysis 
The six-week biofilm formed tooth samples were fixed with 10% formalin to assess the biofilm 
formation by SEM at 2000x magnification. The canal area of the tooth samples treated with the test 
solutions was observed under SEM to find out any dentinal changes and smear layer removal. Gold 
sputtering was done by mounting the samples on vacuum dried and gold-coated (Auto fine coater JOEL 
JFC-1600, JEOL Ltd, Tokyo, Japan) copper stub. The gold-sputtered samples were then examined under 
SEM (JOEL JSM-5610LV, JEOL Ltd, Tokyo, Japan) at 20kv. The photomicrographs of the canal area for 
observing smear layer removal was obtained at 5000x magnification. 
 
Statistical Analysis 
Statistical Analysis was performed using One-Way Anova (IBM SPSS, version 18, IBM Corp., 
Armonk, NY, USA) test to evaluate the significance of antibacterial efficacy among ATCC and clinical 
isolate of E. faecalis. Tukey’s test (post hoc test) was used to compare between groups. P-value <0.05 was 
considered significant. 
 
Results 
Table 1 shows the results of agar well diffusion assay for E. faecalis ATCC and clinical isolate. 
The test group B showed a very high zone of inhibition for 50 mg compared to C and A. The test Group 
A (T. foenum) showed no inhibition for 50 mg both on ATCC and clinical isolate. The zone of inhibition 
for Group B (T. chebula) was high compared to vancomycin (30 µg). Statistical analysis showed 
significance for the antibacterial activity of T. chebula (p=0.003) and S. cumini (p=0.015). The zone of 
inhibition was slightly high against clinical isolate compared to ATCC strain for Group C (S. cumini) and 
2% chlorhexidine. No such difference was observed for Group B. It is clearly evident from the results that 
the clinical isolate of E. faecalis were more susceptible to these herbal alternatives than ATCC strain. The 
MIC values for the test Groups B and C were similar for both ATCC and clinical isolate (Table 2). 
 
Table 1. Agar well diffusion /disc diffusion assay in triplicate. 
Test Group 
(Concentration) 
E . fa e ca l i s  (ATCC 29212) E.  fa e ca l i s  Clinical Isolate 
Assay 1 Assay 2 Assay 3 Assay 1 Assay 2 Assay 3 
A (50 mg) 6 mm 6 mm 6 mm 6 mm 6 mm 6 mm 
A (25 mg) 6 mm 6 mm 6 mm 6 mm 6 mm 6 mm 
B (50 mg) 25 mm 24 mm 25 mm 25 mm 24 mm 25 mm 
B (25 mg) 20 mm 20 mm 20 mm 20 mm 20 mm 20 mm 
C (50 mg) 18 mm 17 mm 18 mm 21 mm 20 mm 21 mm 
C (25 mg) 12 mm 12 mm 12 mm 18 mm 16 mm 18 mm 
Vancomycin (30 µg) 21 mm 21 mm 21 mm 21 mm 21 mm 21 mm 
NaOCl (5%) 29 mm 28 mm 29 mm 29 mm 28 mm 29 mm 
Chlorhexidine (2%) 30 mm 29 mm 30 mm 33 mm 33 mm 32 mm 
Group A: Trigonella foenum; Group B: Terminalia chebula; Group C: Syzygium cumini. 
 
Time kill curve (Figure 1) showed two log reductions for the test Group B after 30 mins of 
exposure and complete inhibition following 60 mins of exposure, while Group C showed two log 
reduction and one log reduction after 60 mins of exposure on ATCC strain and clinical isolate, 
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respectively. SEM analysis of control sample demonstrates matured biofilm structure of E. faecalis (Figure 
2A). Smear Layer has been effectively removed by T. chebula seed extracts (Figure 2B), while the seed 
extracts of S. cumini failed to remove the smear layer (Figure 2C). 
 
Table 2. Broth dilution assay. 
Groups Minimum Inhibitory Concentration 
 
E. faecalis (ATCC 29212) E. faecalis (Clinical Isolate) 
B 3.12 mg/mL 6.25 mg/mL 
C 3.12 mg/mL 6.25 mg/mL 
NaOCl (5%) 0.5% 0.5% 
Chlorhexidine (2%) 0.002% 0.002% 
Group B: Terminalia chebula; Group C: Syzygium cumini. 
 
 
 
Figure 1. Time kill curve. ATTC-B: Clinical isolate B-two log reductions after 30 mins of exposure 
and complete inhibition following 60 mins of exposure. ATTC-C: Clinical isolate C-two log 
reduction and one log reduction after 60 mins of exposure. The curves within the box represents 
the E. faecalis colony forming units count up to 1 × 105. The curves displayed outside the box 
refers the colony forming units count beyond 1 × 105. 
 
 
 
 
 
 
 
 
Figure 2. Scanning electron microscopy of root canal surface. A) Control: 6-week E. faecalis  biofilm 
without herbal treatment; B) Absence of smear layer removal by seed extracts of S. cumini ; C) Smear 
layer removal by seed extracts of T. chebula . 
 
Discussion 
The constant increase in antibiotic-resistant strains and adverse effects caused by many synthetic 
drugs has impelled researchers to look for plant products, which may be safe and biocompatible. The 
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efficacy of antibiotics on planktonic counterparts by itself is challenging these days due to the high-level 
resistance expressed by various bacterial strains. Physically when it comes to eradicating biofilm, it is 
even more difficult to treat them as the biofilm forming community can be 1500 times more antibiotic-
resistant than free-floating bacteria [24]. 
The microorganisms present in the oral cavity are the prime source of biofilm formation within 
the root canal system. The anatomical structure of the root canal system provides protection to 
microorganisms. Facultative or strict anaerobes are more frequently encountered than aerobic bacteria. 
Among various facultative anaerobes, Enterococcus faecalis is found to be frequently associated with post-
treatment endodontic infections [25]. In the present study, a six-week-old biofilm was assayed against 
the herbal alternatives as bacteria-induced dissolution of the dentine surface and the ability of E. faecalis 
to form calcified biofilm on root canal dentine may be a factor that contributes to their persistence after 
endodontic treatment [26]. 
An effective root canal irrigant should possess tissue dissolving, antibacterial and smear layer removal 
properties. Except for NaOCl, none of the conventional irrigants possess all these three properties. 
Furthermore, conventional irrigants proven to be an effective antibacterial agent may cause detrimental effects 
on vital tissues [27]. 
In developing countries, plant products play a vital role as therapeutic remedies in primary 
healthcare. The recognized Indian systems of medicine like Ayurveda and Siddha use herbs in the 
formulations. As the plant products are considered to be less toxic with the absence of side effects, the 
present study was designed to evaluate the efficacy of the three herbal products against E. faecalis dentinal 
biofilm. 
The methanolic extracts of T. chebula seeds showed a very high zone of inhibition compared to T. 
foenum and S. cumini. The inhibition was comparable to NaOCl (5%) and 2% chlorhexidine. T. chebula 
inhibition zone was higher than vancomycin. The methanolic extracts of the seeds of S. cumini also 
showed moderate activity when compared with vancomycin, while the zone of inhibition was low when 
compared to NaOCl (5%) and 2% chlorhexidine. The extracts of T. foenum seeds did not possess 
antibacterial activity against E. faecalis. In the present study, E. faecalis clinical isolate was more 
susceptible then the ATCC strain against methanolic extracts of S. cumini seeds and 2% chlorhexidine. 
As no activity was observed for T. foenum micro broth dilution assay was not performed. The 
minimum inhibitory concentration was determined for all the other groups. In spite of the low zone of 
inhibition by S. cumini seed extract, the MIC was similar for both T. chebula and S. cumini. This low zone 
of inhibition could be attributed to improper diffusion of the extracts. 
In the time-kill assay, extracts of T. chebula showed two log reductions after 45 minutes and four 
log reductions following 60 minutes exposure. The four-log reduction would have occurred between 45 
and 60 minutes. Complete inhibition was observed after 45 and 60 minutes for E. faecalis clinical isolate 
and ATCC, respectively. Only one log reduction was observed for the extracts of S. cumini even after 60 
minutes, while complete inhibition was observed after 18 hours of incubation. The tooth samples with six-
week biofilm treated against T. chebula and S. cumini extracts were analyzed by SEM to assess the smear 
layer removal. The smear layer removal was assessed after the interaction of the test solutions for 60 
minutes. T. chebula seed extracts removed the smear layer efficiently. The smear layer removal capacity of 
T. chebula may be attributed to the phytochemical substance chebulinic acid present in them. Smear layer 
removal was not observed for S. cumini seed extracts. 
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Conclusion 
The extracts of T. chebula seeds may be replaced for conventional irrigants due to its antibacterial 
properties and smear layer removing ability with least erosion on dentinal surface. The extracts of S. 
cumini may be used as an intracanal medicament as complete inhibition of six weeks old E. faecalis dentinal 
biofilm was observed after 18 hours of treatment. 
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